Increased mutability of Pseudomonas aeruginosa in biofilms.
Isolates of Pseudomonas aeruginosa from cystic fibrosis (CF) patients are frequently hypermutable due to selection of mutants with defects in DNA repair genes such as mutS. Since P. aeruginosa grows as a biofilm within the infected CF lung, it is possible that this mode of growth enhances the mutability of the organism thereby increasing the opportunity to derive permanent hypermutators through mutation in DNA repair genes. We have now conducted experiments to examine this possibility. Using established procedures, we examined the mutability of P. aeruginosa PA01 in planktonic cultures and in biofilm cultures generated by growth in a Sorbarod system. Transcriptional profiling by DNA microarray was used to compare gene expression in planktonic and biofilm cells. Mutation frequency determinations for resistance to rifampicin and ciprofloxacin demonstrated that biofilm cultures of P. aeruginosa displayed up to a 105-fold increase in mutability compared with planktonic cultures. Several genes (ahpC, katA, sodB and PA3529, a probable peroxidase) that encode enzymes conferring protection against oxidative DNA damage were down-regulated in biofilm cells. In particular, katA, which encodes the major pseudomonal antioxidant catalase, was down-regulated 7.7-fold. Down-regulation of antioxidant enzymes in P. aeruginosa biofilms may enhance the rate of mutagenic events due to the accumulation of DNA damage. Since P. aeruginosa forms biofilms in the CF lung, this mode of growth may enhance the direct selection of antibiotic-resistant organisms in CF patients and also increase the opportunity to derive permanent hypermutators thereby providing a further source of antibiotic-resistant mutants in the CF lung.